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(54) Optical recording and pickup head for digital versatile disc 



(57) An optical recording and pickup head having a 
flat plate lens of a staircase type diffraction grating 
structure is compatible with a DVD and a CO-RW. The 
optical recording and pickup head includes a first optical 
source (31) for emitting first light having a relatively 
short wavelength, a second optical source (41) for emit- 
ting second light having a relatively long wavelength, a 
photo detector (39), an objective lens (36) tor focusing 
the light emitted from the first and second optical 
sources on the information recording surfaces of the 
optical discs (8.90). respectively an optical path altering 
unit (33) for transferring the light emitted from the first 
and second optical sources to the objective lens and 
transferring the first and second light reflected from the 
information recording surfaces of the plurality of discs to 
the photo detector, respectively, and a flat plate lens 
(35) for substantially totally transmitting the first light 
proceeding from the optical path altering unit to the 
objective lens and diffracting the second light proceed- 
ing from the optical path altering unit to the optical axis 

CM of the objective lens. 
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Description 

[0001] The present invention relates to an optical 
recording and pickup head for use with at least two dif- 
ferent format optical discs in which recording and repro- 
duction of information is performed by light of a 
respectively different wavelength, and more particular, 
to an optical recording and pickup head for recording 
information on a digital versatile disc (DVD) or a read- 
writable compact disc (CD-RW) and reproducing infor- 
mation therefrom. 

[0002] Optical discs are widely used as recording 
media for storing a large capacity of information. For- 
mats include CDs and DVDs which are widely used, and 
more recently a recordable CD (CD-R) and a CD-RW 
have been introduced. For DVDs, recording and repro- 
duction of information is performed by laser light having 
a wavelength of 660nm. For CD-RWs. recording and 
reproducing of information is performed by laser light 
having a wavelength of 790nm.. Accordingly, an optical 
recording and pickup head which is compatible with 
both a DVD and a CD-RW includes two optical sources 
for emitting laser light of a respectively different wave- 
length, and an optical system for the two kinds of light. 
[0003] Referring to Figures 1 and 2, a conventional 
optica! recording and pickup head which is compatible 
with both a DVD and a CD-R will be described below. 
[0004] Figure 1 shows a configuration of a conven- 
tional optical recording and pickup head which is com- 
patible with both a DVD and a CD-R. The optical 
recording and pickup head includes an optica) source 1 
that emits first light of 660nm in order to perform record- 
ing and reproduction of information with -respect -to a 
DVD 8 ( an optical source 1 1 that emits second light of 
790nm in order to perform recording and reproduction 
of information with respect to a CD-R 9, and an objec- 
tive lens 7 for focusing the first and second light emitted 
from the optical sources 1 and 1 1 on information record- 
ing surfaces of the DVD 8 and CD-R 9, respectively. A 
collimatmg lens 2 coilimates the first light emitted from 
the optical source 1 Into paraDel light and transfers the 
collimated light to a beam splitter 3. The beam splitter 3 
reflects the first light Incident from the ccllimaUng lens 2 
onto an interference filter prism 4. The Interference filter 
prism 4 transfers the first light which Is the parallel light 
incident from the beam splitter 3 to a quarter-wave plate 
5. In more detail the interference filter prism 4 is an opti- 
cal device for total transmitting and total reflecting inci- 
dent tight according to its wavelength, In which the first 
tight of 660nm is totally transmitted and the second light 
of 790nm incident from a converging lens 4 is totally 
reflected. A thin-film type variable aperture 6 transfers 
the first tight incident from the quarter-wave plate 5 to 
the objective lens 7. The objective lens 7 focuses the 
parallel incident first light on the information recording 
surface of the DVD 8 whose thickness is 0.6mm. As a 
result, the first light which is focused on and reflected 
from the information recording surface of the DVD 8 



contains the information recorded on the focused posi- 
tion. The first light reflected from the information record- 
ing surface of the DVD 8 transmits the objective lens 7, 
the variable aperture 6 and the quarter-wave plate 5, in 
5 turn and then incident to the interference filter prism 4. 
The interference filter prism 4 transfers the first light inci- 
dent from the quarter -wave plate 5 to the beam splitter 
3. The beam splitter 3 transfers the first light incident 
from the interference filter prism 4 to a photo detector 
to 10. The photo detector 10 detects information from the 
first light incident from the beam splitter 3. 
[0005] The second light of 790nm emitted from the 
optical source 11 passes through a colllmating lens 12 
and a beam splitter 13 and then Incident onto a con- 

is verging lens 14. The converging lens 14 transfers the 
second light incident from the beam splitter 13 to the 
interference fitter prism 4 in convergence light form. The 
interference filter prism 4 transfers the second light inci- 
dent from the converging lens 14 to the quarter-wave 

20 plate 5 in divergence light form. The quarter-wave plate 
5 transfers the second light incident from the interfer- 
ence filter prism 4 to the variable aperture 6. The varia- 
ble aperture 6 transmits only a part of the second light 
incident from the quarter-wave plate 5 and transfers the 

25 transmitted second light to the objective lens 7 in diver- 
gence light form. The reason why the second light is 
incident to the objective lens 7 in diverging form is for 
focusing the second light on the information recording 
surface of the CD-R 9 without causing generation of 

30 spherical aberration. 

[0006] Figure 2 is a view for explaining the thin-film 
type variable aperture 6 of Figure 1. The thin-film type 
variable aperture 6 has a structure of selectively trans- 
mitting the light incident to areas whose numerical aper- 

35 ture (MA) is less than or equal to 0.6. A region 1 is a 
region whose numerical aperture is less than or equal to 
0.45. in which incident light of 790nm and 660nm is 
totally transmitted. A region 2 is a region whose numer- 
ical aperture ranges from 0.45. to 0.6. in which a dielec- 

<o trie thin film is coated and the light of 660rrm wavelength 
Is totally transmitted and the light of 790 nm wavelength 
is totally reflected. The region 1 is made of a quartz 
(SiO?) thin-film in order to remove an optical aberration 
generated by the region 2 where the dielectric thin-film 

45 is coated. The variable aperture 6 having the transmis- 
sion characteristic totally transmits the first light of 
660nm wavelength irrespective of the region and totally 
transmits the second light of 790nm wavelength which 
is incident into the region 1 whose numerical aperture is 

so less than 0.45 to be transferred to the objective lens 7, 
and totally reflects the second light which is incident into 
the region 2 whose numerical aperture is more than or 
equal to 0.4S. Thus, the numerical aperture with respect 
to the light incident to the objective lens 7 is limited 

ss according to its wavelength. 

[0007] The objective tens 7 focuses the second tight 
incident from the thin-film type variable aperture 6 on 
the information recording surface of the CD-R 9 whose 
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thickness is 1.2mm, thereby forming an optical spot. 
The second light reflected from the information record- 
ing surface of the CD-R 9 passes the objective lens 7, 
the variable aperture 6 and the quarter-wave plate 5. in 
turn and then incident to the interference filter prism 4. 5 
The interference filter prism 4 reflects the second light 
incident from the quarter-wave plate 5 to a converging 
lens 14. The converging lens 14 transfers the second 
light to a beam splitter 13. The beam splitter 13 trans- 
fers the second light incident from the converging lens to 
14 to a photo detector 15. The photo detector 15 
receives the second light from the beam splitter 13 and 
detects information from the received second light. 
Thus, the optical recording and pickup head of Figure 1 
can perform recording and reproduction of information t s 
with respect to both the DVD 8 and the CD-R 9. 
[0008] However, the optical recording and pickup 
head of Figure 1 includes a particular variable aperture 
6 in order to selectively limit the numerical aperture with 
respect to the light incident to the objective lens 7 20 
according to the wavelength of the incident light Since 
a quart2 thin film is coated on the region 1 of the varia- 
ble aperture 6 and a multilayer dielectric thin film having 
a thickness of about one micrometer is configured on 
the region 2 thereof, a manufacturing process is compli- 25 
cated and a production cost becomes high. Also, since 
the second light tor use in a CD-R which is incident to 
the region whose numerical aperture is more than or 
equal to 0.45 is totally reflected, it is not appropriate far 
adapting itself to an optical system of an optical record- 30 
ing and pickup head for use in a CD-RW requiring a 
larger numerical aperture of about 0.5 or more and a 
higher optical efficiency for recording. 
[0009] It is an aim of the present invention to pro- 
vide an optical recording and pickup head for use in 35 
both a DVD and a CD-RW. 

[0010] According to the present invention there is 
provided an optical recording and pickup head accord- 
ing to claim 1 appended hereto or claim 36 appended 
hereto. Also according to the present invention there is 40 
provided a lens as set forth in claim 22 appended 
hereto. Preferred features of the present invention will 
be apparent from the dependent claims and the 
description which follows. 

[0011] According to a first aspect of the present 45 
invention there is provided an optical recording and 
pickup head for use with each of a plurality of optical 
discs for performing recording and reproduction of infor- 
mation with a respectively different wavelength, the opti- 
cal recording and pickup head comprising: a first optical so 
source for emitting first light having a relatively short 
wavelength; a second optical source for emitting second 
light having a relatively long wavelength; an objective 
lens for focusing the light emitted from the first and sec- 
ond optical sources on the information recording sur- ss 
faces of a respective one of the plurality of optical discs; 
characterised by: a flat plate lens for substantially totally 
transmitting the first tight proceeding from the optical 



path altering unit to the objective lens and diffracting the 
second light proceeding from the optical path altering 
unit to the optical axis of the objective lens. 
[0012] Preferably, said flat plate lens comprises a 
first area and a second area each having a different 
optical characteristic on a light receiving plane which 
receives the incident light, in which said first area com- 
prises an optical center of the light receiving plane and 
said second area is located at the outside of the first 
area. 

[001 3] Preferably, said first area substantially totally 
transmits the first and second incident light and said 
second area totally transmits the incident first light and 
diffracts most of the incident second light toward the 
optical axis of the objective lens. 
[0014] Preferably, said second area has an annular 
shape centered on the optical axis of said flat plate lens. 
[0015] Preferably, said second area comprises dif- 
fraction gratings. 

[0016] Preferably, said diffraction gratings are 
formed facing said optical path altering unit. 
[0017] Preferably, said diffraction gratings are 
etched shallow as they become farther from the optical 
center of said fiat plate lens. 

[0018] Preferably, said diffraction gratings have a 
staircase pattern structure which is periodically 
repeated. 

[0019] Preferably, said diffraction gratings have the 
same step difference. 

[0020] Preferably, said diffraction gratings are con- 
figured in the number satisfying the following equation in 
a staircase pattern structure of one cycle: 

where N denotes the integer number of the stairs 
of diffraction gratings, X! denotes the wavelength of the 
first light, and X2 denotes the wavelength of the second 
light. 

[0021] Preferably, said diffraction gratings have 
transmission efficiency coefficients satisfying the follow- 
ing equation with respect to the second light Incident 
from the optical path altering unit 

T m .^exp<2^Sx>7-y<x>* 



where Tm denotes the transmission efficiency 
coefficient of m-th diffraction order. T denotes the width 
of the staircase type diffraction grating structure corre- 
sponding to one cycle, m denotes the diffraction order 
number, * denotes the ratio of the circumference of a 
circle to its diameter, i denotes the Imaginary unit, x 
denotes the distance from the optical center of the flat 
plate lens, and T f (x) denotes the transmission efficiency 
coefficient at x- 
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[0022] Preferably, in said staircase type diffraction 
grating structure of one cycle each diffraction grating 
which is located on the j-th position from the optical 
center of the flat plate lens has a transmission efficiency 
coefficient Tj(x) satisfying the following equation, 



where X denotes the wavelength of the incident 
light, d denotes the depth of the diffraction grating which 
is etched in the deepest in one cycle of the staircase 
iype diffraction grating structure, n denotes the refrac- 
tive index of the flat plate lens. % denotes the refractive is 
index of air. and N is the number of stairs in one cycle 
grating 

[0023] Preferably, said diffraction gratings generate 
phase differences satisfying the following equation, 

so 

5 r g»'C-"o)tf| 



where 5j denotes the optical phase difference 25 
generated by the j-th step difference from the optical 
center of the flat plate lens, n denotes the ratio of the cir- 
cumference of a circle to its diameter, n denotes the 
refractive index of the flat plate lens, n c denotes the 
refractive index of air, and dj denotes the step difference 30 
of the j-th diffraction grating. 

{0024] Preferably, said first area is an area of the 
numerical aperture of 0.3 or less, and said second area 
is an area of the numerical aperture of from 0.3 to 0.5. 
[0025] Preferably, said .second area has a staircase 35 
type diffraction grating structure which is repeated two 
times, and one of the staircase type diffraction grating 
structure is formed over the area from about 1000um to 
about lSOOjim in radial direction from the optical center 
of the flat plate lens and the other is formed over the 40 
area from about 1500jxm to about 1700jirrt 
[0026] Preferably, said second area diffracts about 
70% or more of the photo quantity of the second light 
incident from the optical path altering unit toward the 
optical axis of the objective lens. o 
(0027] Preferably, said flat plate lens is integrated 
with the objective lens. 

[0028] Preferably, the plurality of optical discs 
includes at least first and second optical discs that are a 
digital versatile disc (DVD) and a read-writable compact 
disc (CD-RW), respectively, and the first light is used for 
performing recording and reproduction of information 
with respect to the first optical disc and the second light 
is used for performing recording and reproduction of 
information with respect to the second optical disc. 
[0029] Preferably, said optical path altering unit 
comprises a cotlimating lens for collimating the first and 
second light incident from the first and second optical 



sources, to then be transferred to the flat plate lens, 
[0030] Preferably, said optical path altering unit fur- 
ther comprises: a reflective flat plate for transferring the 
first light emitted from the first optical source to the col- 
limating lens and transferring the first and second light 
reflected from the information recording surfaces of the 
optical discs and then returning from the collimating 
lens, to the photo detector; and a beam splitter for trans- 
ferring the second light emitted from the second optical 
source to the collimating lens and transferring the first 
and second light reflected from the information record- 
ing surfaces of the optical discs and then returning from 
the collimating lens, to the reflective flat plate. 
[0031 ] According to a second aspect of the present 
invention there is provided a lens for receiving light of a 
respectively different wavelength, the lens comprising a 
first area, a second area and a third area having a 
respectively different optical characteristic on a light 
receiving plane, wherein said first area comprises the 
optical center of the light receiving plane, said second 
area is located at the outside of said first area, and said 
third area is located at the outside of said second area, 
and wherein said first and third areas substantially 
totally transmits first and second light having a respec- 
tively different wavelength, and said second area totally 
transmits the first light and diffracts most of the second 
light toward the optical axis of an objective lens. 
[0032] Preferably, said second area is formed in 
annular form. Preferably, said second area comprises 
diffraction grooves. 

[0033] Preferably, said diffraction grooves are 
formed on the plane receiving the first and second fight. 
Preferably, said diffraction grooves are etched shallow 
as they become farther from the optical center of said 
lens. Preferably, said diffraction grooves have a stair- 
case or saw-tooth pattern structure which is periodically 
repeated. Preferably, said diffraction grooves have the 
saw-tooth structure repeating twice. 
[0034] Preferably, said diffraction grooves are con- 
figured in the number satisfying the following equation in 
a staircase pattern structure, 

N * X 1 /(X 2 -X 1 ) 

where N denotes the integer number of diffrac- 
tion grooves, Xi denotes the wavelength of the first light, 
and hz denotes the wavelength of the second light. 
[0035] Preferably, said diffraction grooves have 
transmission efficiency coefficients satisfying the foJlow- 
so ing equation with respect to the incident second light, 

r m .ljex P (2z^? x )r y ( x )c/x 



where Tm denotes the transmission efficiency 
coefficient of m-th diffraction order, T denotes the width 
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of the staircase type diffraction groove struclure corre- 
sponding to one cycle, m denotes the diffraction order 
number, n denotes the ratio of the circumference of a 
circle to its diameter, i denotes the imaginary unit, x 
denotes the distance from the optical center of the lens, 
and Tj(x) denotes the transmission efficiency coefficient 
atx- 

(0036] Preferably, in said staircase type diffraction 
structure of one cycle, each diffraction groove which is 
located on the j-th position from the optical center of the 
lens has a transmission efficiency coefficient Tfa) satis- 
fying the following equation, 

,( 2j)tt/(ft-ft 0 )tf 
7 /<*>- e *e< Mi 

where X denotes the wavelength of the incident 
light, d denotes the depth of the diffraction groove which 
is etched in the deepest in one cycle of the staircase 
type diffraction groove structure, n denotes the refrac- 
tive index of the flat plate lens, denotes the refractive 
index of air, and N is the number of stairs. 
[0037] Preferably, said diffraction grooves generate 
phase differences satisfying the following equation, 

2ni{n-n 0 )d, . 
6 / 1 



where 5j denotes the optical phase difference 
generated by the j-th step difference from the optical 
center of the flat plate lens, n denotes the ratio of the cir- 
cumference of a circle to its diameter, n denotes the 
refractive index of the flat plate lens, no denotes the 
reflective index of air. and dj denotes the step difference 
of the j-th diffraction grating. 

{0038] Preferably, said first area is an area of the 
numerical aperture of 0.3 or less, and said second area 
Is an area of the numerical aperture of from 0.3 to 0.5. 
[0039] Preferably, said second area has a staircase 
type structure which Is repeated two times, and one of 
the staircase type structure is formed over the area from 
about 1 000 um to about 1 500 um in radial direction from 
the optical center of the flat plate lens and the other is 
formed over the area from about 1500 pm to about 1 700 
jim. 

[0040] Preferably, said second area diffracts about 
70% or more of the photo quantity of the incident sec- 
ond light in the convergence direction with reference to 
the optical axis. 

[0041] For a better understanding of the invention, 
and to show how embodiments of the same may be car- 
ried into effect, reference will now be made, by way of 
example, to the accompanying diagrammatic drawings 
in which: 

Figure 1 shows a conventional optical recording 



and pickup head capable of performing recording 
and reproduction of information with respect to a 
DVD and a CD-R; 

5 Figure 2 shows a thin-film type variable aperture of 

Figure 1 ; 

Figure 3 shows a schematic view of an optical 
recording and pickup head capable of performing 
io recording and reproduction of information onto a 
DVD and a CD-RW according to a first embodiment 
of the present invention; 

Figure 4 shows a configuration of a staircase type 
ts flat plate lens; 

Figure 5 shows the diffraction grating structure of 
the staircase type flat plate tens; 

20 Figure 6 Is a graphical view showing diffraction effi- 
ciency char acteristics of the staircase type flat plate 
lens according to the depths of the diffraction grat- 
ing; 

25 Figure 7 is a view for explaining the relationship 
between the diffraction grating depth and the dif- 
fraction efficiency in the staircase type flat plate 
lens: 

30 Figure 8 is a view showing a positional relationship 
between staircase type flat plate lens and the 
objective lens; 

Figure 9 shows an objective lens integrated with a 
35 staircase type flat plate lens; and 

Figure 10 shows a schematic view of an optical 
recording and pickup head capable of performing 
recording and reproduction of information onto a 
40 DVD and a CD-RW according to a 6econd embodi- 
ment of the present Invention. 

[0042] Preferred embodiments of the present inven- 
tion will now be described with reference to the accom- 

45 panying drawings. 

[0043] Figure 3 shows an optical recording and 
pickup head capable of performing recording and repro- 
duction of information onto a DVD and a CD-RW 
according to a first embodiment of the present inven- 

50 tion. The optical recording and pickup head includes a 
first optical source 31 for emitting first light of a 660nm 
wavelength, a second optical source 41 for emitting sec- 
ond light of a 790nm wavelength, a photo detector 39 for 
detecting information from the first and second light 

55 reflected from the optical discs 8 and 90. an objective 
lens 36 for focusing the first and second light on the 
information recording surfaces of the corresponding 
optical discs 8 and 90, respectively, and optical ele- 
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merits 32, 33, 34 and 38 and a staircase type flat plate 
lens 35 for transferring the light emitted from the first 
and second optical sources 31 and 41 to the objective 
lens 36 and transferring the first and second light 
reflected from, the information recording surfaces of the 5 
plurality of discs 8 and 90 to the photo detector 39. 
respectively. 

[0044] The first optical source 31 emits the first light 
of 660nm wavelength in order to perform recording and 
reproduction of information with respect to the DVD 8. A 10 
reflective flat plate 32 transfers the first light incident 
from the first optical source 31 to a beam splitter 33. The 
ber rr\ splitter 33 transmits most of the first light incident 
from the reflective flat plate 32 and then transfers the 
same to a first collimating lens 34. while the beam split- 15 
ter 33 reflects a part of the remaining first light incident 
from the reflective flat plate 32 and then transfers the 
same to a photo quantity detector 37. The photo quan- 
tity detector 37 detects the photo quantity of the first 
light incident from the reflective flat plat© 32. The colli- 20 
mating lens 34 collimates the first light incident from the 
beam splitter 33 into parallel light and transfers the 
same to a staircase type flat plate lens 35. The staircase 
type flat plate lens 35 substantially totally transmits the 
first light which is the parallel light incident from the col- 25 
limating lens 34 without causing any distortion or dif- 
fraction and transfers the result to the objective tens 36. 
The objective lens 36 has a predetermined focal dis- 
tance in order to form the first light incident from the 
staircase type flat plate tens 35 as an optical spot of 30 
about 0.9 u.m on the information recording surface of the 
DVD 8. As a result, the first fight contains information 
which is recorded on the position focused on the infor- 
mation recording surface of the DVD 8. The light 
reflected from th e DVD 8 transmits the objective I ens 36. 35 
the staircase type flat plate lens 35 and the collimating 
lens 34. in turn, to then be transferred to the beam split- 
ter 33. The beam splitter 33 transfers the first light to a 
light receiving lens 38. The light receiving lens 38 trans- 
fers the first light incident from the beam splitter 33 to *o 
the photo detector 39 so that the first light Is received at 
the photo detector 39 in convergence lorm. The photo 
detector 39 detects information from the light incident 
from the light receiving lens 38. 

[00451 The second optical source 41 emits the sec- *s 
ond light of 790nm wavelength to the beam splitter 33, 
in order to perform recording and reproduction of infor- 
mation with respect to the CD-RW 90. The beam splitter 
33 has an optical characteristic of reflecting the light of 
790nm incident from the second optical source 41 , and so 
transmits most of the second light incident from the sec- 
ond optical source 41 to then be transferred to the colli- 
mating lens 34. while the beam splitter 33 reflects a part 
of the remaining second light to the photo quantity 
detector 37, The photo quantity detector 37 detects the ss 
photo quantity of the second light incident from the 
beam splitter 33. The collimating lens 34 collimates the 
second light incident from the beam splitter 33 into par- 



allel light, to then be transferred to the staircase type flat 
plate lens 35. Referring to Figures 4 through 7, the stair- 
case type flat plate lens 35 will be described in detail. 
[0046] Figure 4 shows the structure of the staircase 
type flat plate lens 35. As shown, the staircase type flat 
plate lens 35 includes first area through third areas 351 
through 353. The first area 351 is an area whose 
numerical aperture is less than or equal to about 0.3, 
the second area 352 is an area whose numerical aper- 
ture is from about 0,3 to 0.5. and the third area 353 is an 
area whose numerical aperture is less than or equal to 
about 0.6. The second area 352 includes one or more 
diffraction gratings each having a staircase type struc- 
ture in a radial direction. The first area 351 has an opti- 
cal characteristic in which a zero-order diffraction 
efficiency is approximately 100% with respect to both 
light of 660 nm and 790nm. The zero-order diffraction 
efficiency is defined as a value which has been indi- 
cated as a percentage of a photo quantity of the trans- 
mitted light with respect to the incident light quantity 
white maintaining a proceeding direction of the incident 
light The second area 352 has an optical characteristic 
in which the zero-order diffraction efficiency is about 
1 00% with respect to the light of 660nm, the zero order 
diffraction efficiency is about 0% and first-order diffrac- 
tion efficiency is about 70%-or more, with respect to the 
light of 790nm. The first-order diffraction efficiency is 
defined as a value which has been indicated as a per- 
centage of the photo quantity of the firstly diffracted light 
with respect to the incident photo quantity. 
[0047] Referring back to Figure 3 showing the opti- 
cal recording and pickup head, the staircase type flat 
plate lens 35 totally transmits the first light of 660nm and 
the second light of 790nm which are incident to the f irst 
area from the collimating lens 34 without causing any 
diffraction, to then be transferred to the objective lens 
36. Also the first light of 660nm which is incident to the 
second area of the collimating lens 34 is totally transmit- 
ted without causing any diffraction and the second light 
of 790nm is diffracted as much as about 70% of the inci- 
dent photo quantity by a first diffractive angle, to then be 
transferred to the objective lens 36. 
[0048] Figure 5 shows the diffraction grating struc- 
ture formed in the second area of the staircase type flat 
plate lens 35. fn Figure 5, the upper graphical view 
shows positions where the diffractive gratings are 
formed In a radial direction on a light receiving plane of 
the staircase type flat plate lens 35. In the upper graph- 
ical view, the vertical and horizontal axis Indicate the 
distances En radial direction from the optical center, 
where the unit is pm. The upper view shows a quarter of 
the staircase type flat plate lens 35 of Figure 4. H can be 
seen that the whole staircase type flat plate lens 35 
includes annular gratings. The lower view of Figure 5 
indicates the grating structure of the staircase type flat 
plate lens 35 viewed from the lateral surface perpendic- 
ular to the a light receiving plane, which shows positions 
and depths of the gratings. In the lower view, the teft- 
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hand vertical axis indicates the optical axis of the stair- 
case type flat plate lens 35. As shown, the etched max- 
imum depth is 6.4 um in the staircase type flat plate lens 
35. The staircase type flat plate lens 35 includes stair- 
case type gratings each of which the depth becomes 
shallower and the width becomes narrower, as it is far- 
ther Irom the optical center of the light receiving plane. 
In the staircase type flat plate lens 35, the staircase type 
gratings are repeated. For example, in the lower view of 
Figure 5, the staircase type gratings are formed in the 
positions each of which the radius is from 1000 um to 
1500 jim, and the staircase type gratings are also 
formed in the positions each of which the radius is from 
1 500 >im to 1 700 (im, which shows that the staircase 
type gratings are repeated. The staircase type gratings 
are installed facing the collimating lens 34. Accordingly, 
a spherical aberration occurring when the second light 
is used can be removed. 

[0049] Figure 6 is a graphical view showing diffrac- 
tion efficiency characteristics of the staircase type flat 
plate lens 35 according to the depths of the diffraction 
gratings. In the graph, the horizontal axis indicates the 
depth of the diffraction grating in unit of nanometer (nm) 
and the vertical axis indicates the diffraction efficiency. 
In the graph, a dotted curve indicates a zero order dif- 
fraction efficiency value with respect to the tight of 
660nm varying according to the depth of the grating. A 
curve composed of connection of small circles indicates 
a first order diffraction efficiency value with respect to 
the light of 790 nm. The characters and figures in the 
boxes indicate the diffraction order number considering 
the direction and the wavelength of the incident light 
respectively. The diffraction order number which is neg- 
ative (•) indicates that the light is diffracted toward the 
optical axis of the objective lens 36. Otherwise the light 
is diffracted in the direction farther from the optical axis 
of the objective lens 36. As shown, when the depth of 
the staircase type flat plate lens 35 is 6400nm, that is, 
6.4 um. the zero-order diffraction efficiency of the stair- 
case type flat plate lens 35 with respect to the first light 
of 660nm Is one (1) and the negative (-) first order dif- 
fraction efficiency of the staircase type; flat plate tens 
with respect to the second light of 790nm is 0.75. There- 
fore, in the optical pickup of Figure 3, the zero order dif- 
fraction efficiency with respect to the light of 660nm is 
made close to 100% and the zero order diffraction effi- 
ciency does not occur with respect to the light of 790nm. 
Also, in order to heighten at maximum the optical effi- 
ciency of the second light of the 790nm which is used 
for performing recording and reproduction of informa- 
tion with respect to the CO-RW 90, the depth of the dif- 
fractive grating which is the deepest in the staircase 
type flat plate lens 35 is preferably about 6.4 \im. 
[0050] Figure 7 is a view for explaining the relation- 
ship between the diffraction grating depth and the dif- 
fraction efficiency in the staircase type flat plate lens 35. 
In Figure 7, the right-hand vertical axis indicates the 
optical axis of the staircase type flat plate lens 35, and 



55 



the horizontal axis thereof indicates a radial direction on 
the light receiving plane. As shown, the T indicates one 
cycle of the staircase type diffraction gratings. In the 
staircase type flat plate lens 35 of Figure 7, three diffrac- 
tion gratings make one cycle T. In the drawing, a, p and 
y are coefficients which are larger than 0 and less than 
1, in which the relationship of a < p < y is established. 
Also, n denotes a refractive index of the staircase type 
f tat plate lens 35, In which r^ is the refractive index of air 
which is normally 1 . Assuming that any one position in 
radial direction in the staircase type flat plate lens 35 is 
X. the staircase type flat plate lens 35 has a transmis- 
sion efficiency coefficient Tm which satisfies the follow- 
ing equation (1). 



r m = ljexp(?fl?x)T(x)^ 



(1) 



[0051] Here, T denotes the width of the staircase 
type diffraction grating structure corresponding to one 
cycle, m denotes the diffraction order number, % 
denotes the ratio of the circumference of a circle to its 

25 diameter, i denotes the imaginary unit, and Tfe) denotes 
the transmission efficiency coefficient at x- The opticaJ 
efficiency is determined by squaring a complex number 
with the transmission efficiency coefficient. 
[0052] In more detail, the first diffraction grating of 

30 the staircase type flat plate lens 35 which Is located at 
interval of aT < x < P T has a transmission efficiency 
coefficient T(x) which satisfies the following equation 
(2). 



r(x)°exp( \ x ) 



(2) 



[0053] Here, n denotes a refractive index of the flat 
40 plate lens, no denotes the refractive index of air, d 
denotes the maximum depth of the diffraction grating, 3 
is the number of the diffraction gratings installed within 
one cycle of the diffraction grating structure, and X 
denotes the wavelength of the incident light. The optical 
45 efficiency is determined by squaring a complex number 
with the transmission efficiency coefficient. 
[0054] The second diffraction grating ol the stair- 
case type flat plate lens 35 located at Interval of 0T < x 
< yT has the transmission efficiency coefficient T(x) 
so which satisfies the following equation (3). 



r( X )*exp( \ x ) 



(3) 



55 



[0055] The third diffraction grating ol the staircase 
type flat plate lens 35 located at interval of y T < x < T 
has the transmission efficiency coefficient T(x) which 
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satisfies the following equation (4). 

T[ X )=exp( °' ) 



(4) 



[0056] Afso, the transmission efficiency coefficient 
of the 0-th diffraction grating of the staircase type fiat 
plate lens 35 located at interval of 0 < % < ctT is 
T(x>-1.0. 

[0057] Meanwhile, the staircase type flat plate lens 
35 includes diffraction gratings of the number which sat- 
isfies the following equation (5) within one cycle of the 
diffraction grating structure. 



(5) 



[0058] Here, N is an integer, indicating the number 
of the diffraction gratings in a staircase type diffraction 
grating structure, X, denotes the wave-length of the first 
light, and ^ denotes the wavelength of the second light. 
(0059] AJso. the step differences between the dif- 
fraction gratings in the staircase type flat ptate lens 35 
are ail same. The step difference creates a phase differ- 
ence satisfying the following equation (6) with respect to 
the second light having the wavelength of 790nm. As a 
result there is no phase difference between the second 
light incident to the area of the numerical aperture of 0.3 
or less and the second light incident to the area of the 
numerical aperture of from 0.3 to 0.5. Accordingly, a 
spherical aberration is removed. 



X 



(6) 



[0060] Here. 5[ denotes an optical phase difference 
made by i-th step difference from the opticaJ center of 
the flat plate lens 35, n denotes the ratio of the circum- 
ference of a circle to its diameter, and dj denotes the 
depth of the l-th Btep difference. 
[0061] Referring back to Figure 3, the optical 
recording and pickup head employs the staircase type 
flat plate lens 35. The staircase type flat plate lens 35 
totally transmits the second light incident to the area of 
the numerical aperture of 0.3 or less, to then be trans- 
ferred to the objective lens 36, and negatively first order 
diffracts most of the second light incident to the area of 
the numerical aperture of from 0,3 to 0.5 toward the 
optical axis of the objective lens 36, to then be trans- 
ferred to the objective lens 36. The second light which is 
focused on and reflected from the information recording 
surface of the CD-RW 90 by the objective lens 36 trans- 
mits the objective lens 36, the staircase type flat plate 
lens 35. the collimating lens 34 and the beam splitter 33, 
in turn, to then be incident to the reflective flat plate 32. 
The reflective fiat plate 32 transfers the second light 
incident from the beam splitter 33 to the light receiving 



lens 38. The light receiving lens 38 transfers the second 
light from the reflective flat plate 32 to the photo detector 
39. The photo detector 39 detects information from the 
second light incident from the reflective flat plate 32. 
5 [0062] Figure 6 is a view showing a positional rela- 
tionship between the staircase type flat plate lens and 
the objective lens. Figure 9 shows an objective lens 
integrated with a staircase type flat plate lens. As 
shown, the staircase type flat plate lens can be inte- 
rs grated with an objective lens by forming the diffraction 
grating structure on any one light receiving plane of the 
objective Jens. 

[0063] Figure 1 0 shows a schematic view of an opti • 
cal recording and pickup head capable of performing 
is recording and reproduction of information onto a DVD 8 
and a CD-RW 90 according to a second embodiment of 
the present invention. As shown, a first optical source 
31 emits first light of 660nm to a first beam splitter 330. 
The first beam splitter 330 transmits most of the first 
20 light incident from the first optical source 3 1 to a first col- 
limating lens 340, and transfers a part of the remaining 
first light to a photo quantity detector 37. The photo 
quantity detector 37 detects a photo quantity of the first 
light incident from the first beam splitter 330. The first 
25 collimating lens 340 collimates the light incident from 
the first beam splitter 330 into parallel light, to then be 
transferred to a second beam splitter 331. The second 
beam splitter 331 is an optical element having an optical 
characteristic of transmitting or reflecting the incident 
30 light according to its wavelength, in which the light of 
660nm is totally transmitted and the light of 790nm is 
totally reflected. The second beam splitter 331 transfers 
the light incident from the first beam splitter 330 to a 
reflective mirror 320. Meanwhile, a second optical 
35 source and photo detector 410 emits second light of 
790nm to a second hologram type photo detection lens 
381 . The second hologram type photo detection lens 
381 transfers the second light incident from the second 
optical source 41 0 to a second collimating lens 341 . The 
40 second collimating lens 341 collimates the second light 
incident from the second hologram type photo detection 
lens 381 to then be transferred to the second beam 
splitter 331. The second beam splitter 331 reflects the 
second light incident from the second collimating lens 
45 341 to then be transferred to the reflective mirror 320. 
The reflective mirror 320 reflects the first and second 
light incident from the second beam splitter 331 to a 
quarter-wave plate 61. The quarter-wave plate 61 
changes the polarization direction of the incident light. 
so The first and second light incident to the quarter-wave 
plate 51 from the reflective mirror 320 passes through a 
flat plate tens 35. and then is focused on each informa- 
tion recording surface of the optical discs 8 and 90 by an 
objective lens 36. The first and second light reflected 
55 from the optical discs 8 and 90 is incident to the second 
beam splitter 331 via the objective lens 36. the flat plate 
lens 35, the quarter-wave plate 51 and the reflective 
mirror 320. The second beam splitter 331 transmits the 
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first light incident from the reflective mirror 320 toward 
the first collimating lens 340 and reflects the second 
light incident from the reflective mirror 320 toward the 
second collimating tens 341 . The first light incident from 
the first collimating lens 340 to the first beam splitter 330 5 
is transferred to the first hologram type photo detection 
lens 380 and a first photo detector 390. The first photo 
detector 390 detects information from the incident first 
light. Meanwhile, the second light incident from the 
reflective mirror 320 to the second beam splitter 331 10 
transmits the second collimating lens 34 1 and the sec- 
ond hologram type photo detection lens 381 to then be 
incident to a second photo detector 410. The second 
photo detector 410 detects information from the incident 
second light. In the optical pickup of Figure 10. an opti- 15 
cal unit comprised of the reflective mirror 320, the quar- 
ter-wave plate 51 . the flat plate lens 35 and the objective 
lens 36 is movable, while another optical unit comprised 
of the remaining optical elements except the above opti- 
cal elements is fixed. 20 
[0064] Even though the embodiments of the 
present invention describe the diffraction grating or ef- 
fraction groove of the 1lat plate lens having a staircase 
type structure, a diffraction grating or diffraction groove 
of a flat plate lens having a saw-tooth structure can be 2s 
employed. 

[0065] As described above, the optical recording 
and pickup head according to the present invention is 
compatible with both the DVD 8 and the CD-RW 90. In 
particular, in the case that information is recorded on 30 
and reproduced from the CD-RW 90. the light of 790nm 
incident with the numerical aperture of from 0.3 to 0.5 is 
not totally reflected as in the variable aperture of Figure 
1 . and most of the photo quantity is negatively first order 
diffracted toward the center of the objective lens 36, 35 
thereby providing a relatively high optical efficiency. 
[0066] The reader's attention is directed to all 
papers and documents wnich are filed concurrently with 
or previous to this specification in connection with this 
application and which are open to public inspection with *o 
this specification, and the contents of all such papers 
and documents are Incorporated herein by reference. 
[0067] All of the features disclosed in this specif ica- 
lion (including any accompanying daims, abstract and 
drawings), and/or all of the steps of any method or proc- 45 
ess so disclosed t may be combined in any combination, 
except combinations where at least some of such fea- 
tures and/or steps are mutually exclusive, 
[0068] Each feature disclosed in this specification 
(including any accompanying claims, abstract and so 
drawings), may ba replaced by alternative features 
serving the same, equivalent or similar purpose, unless 
expressly stated otherwise. Thus, unless expressly 
stated otherwise, each feature disclosed is one example 
only of a generic series of equivalent or similar features. 55 
[0069] The invention is not restricted to the details 
of the foregoing embodiment(s). The invention extend to 
any novel one, or any novel combination, of the features 



disclosed in this specification (including any accompa- 
nying claims, abstract and drawings), or to any novel 
one, or any novel combination, of the steps of any 
method or process so disclosed. 

Claims 

1. An optical recording and pickup head for use with 
each of a plurality of optical discs for performing 
recording and reproduction of information with a 
respectively different wavelength, the optical 
recording and pickup head comprising: 

a first optical source (31) tor emitting first light 
having a relatively short wavelength; 

a second optical source (41) for emitting sec- 
ond light having a relatively long wavelength; 

an objective lens (36) for focusing the light 
emitted from the first and second optical 
sources on the information recording surfaces 
of a respective one of the plurality of optical 
discs (8. 90); 
characterised by: 

a flat plate lens <35) for substantially totally 
transmitting the first tight to the objective lens 
and for diffracting the second light to the optical 
axis of the objective lens. 

2. The optical recording and pickup head according to 
claim 1 . comprising: 

a photo detector (39) ; 

an optical path altering unit (33) tor transferring 
the light emitted from the first and second opti- 
cal sources to the objective lens and transfer- 
ring the first and second light reflected from the 
Information recording surfaces of the plurality 
of discs to the photo detector (39), respectively. 

3. The optical recording and pickup head according to 
claim 1 or 2, wherein said flat plate lens (35) com- 
prises a first area (351) and a second area (352) 
each having a different optical characteristic on a 
light receiving plane which receives the incident 
light, in which said first area comprises an optical 
center of the light receiving plane and said second 
area is located at the outside of the first area. 

4. The optical recording and pickup head according to 
claim 3. wherein said first area (351) substantially 
totally transmits the first and second incident light 
and said second area (352) totally transmits the 
incident first light and diffracts most of the incident 
second light toward the optical axis of the objective 
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lens. 

5. The optica* recording and pickup head according to 
claim 3 or 4, wherein said second area (352) has an 
annular shape centered on the optical axis of said s 
fiat plate lens (35). 

6. The optica) recording and pickup head according to 
claim 3, 4 or 5, wherein said second area com- 
prises diffraction gratings. w 

7. The optical recording and pickup head according to 
claim 6. wherein said diffraction gratings are formed 
facing said optical path altering unit (33). 

15 

8. The optical recording and pickup head according to 
claim 6 or 7, wherein said diffraction gratings are 
etched shallow as they become farther from the 
optical center of said flat plate lens (35). 

30 

9. The optical recording and pickup head according to 
any of claims 6 to 8, wherein said diffraction grat- 
ings have a staircase pattern structure which is 
periodically repeated. 

25 

10. The optical recording and pickup head according to 
any of claims 6 to 9. wherein said diffraction grat- 
ings have the same step difference. 

11. The optical recording and pickup head according to 30 
any of claims 6 to 10, wherein said diffraction grat- 
ings are configured in the number satisfying the fol- 
lowing equation in a staircase pattern structure of 
one cycle, 

35 

X 1 /(X 2 -X 1 ) 

where N denotes the integer number of the 
stairs of diffraction gratings, X, denotes the wave- 
length of the first light, and X 2 denotes the wave- 40 
length of the second light. 

1 2. The optical recording and pickup head according to 
any of claims 6 to 11. wherein said diffraction grat- 
ings have transmission efficiency coefficients satis- <s 
tying the following equation with respect to the 
second Jight incident from the optical path altering 
unit, 

T SO 

r m -ljexp(?^? X )r y ( X )dx 



where T m denotes the transmission effi- 55 
ciency coefficient of m-th diffraction order, T 
denotes the width of the staircase type diffraction 
grating structure corresponding to one cyc/e, m 



denotes the diffraction order number, n denotes the 
ratio o1 the circumference of a circle to its diameter, 
i denotes the imaginary unit, % denotes the distance 
from the optical center of the flat plate lens, and 
Tj(x) denotes the transmission efficiency coefficient 
at x. 

1 3. The optical recording and pickup head according to 
any of claims 6 to 12, wherein in said staircase type 
diffraction grating structure of one cycie each dif- 
fraction grating which is located on the j-th position 
from the optical center of the flat plate lens has a 
transmission efficiency coefficient T,(x) satisfying 
the following equation, 

(2j)ni(n-n 0 )d 
Tj{ X )=exp( ^ ) 

where X denotes the wavelength of the inci- 
dent light d denotes the depth of the diffraction 
grating which is etched in the deepest in one cycle 
of the staircase type diffraction grating structure, n 
denotes the refractive index of the flat plate lens, r^ 
denotes the refractive index of air. and N is the 
number of stairsSl 5 in one cycle grating. 

14. The optical recording and pickup head according to 
any of claims 6 to 13, wherein said diffraction grat- 
ings generate phase differences satisfying the fol- 
lowing equation, 

„ 2ni(n-n 0 )df 
V x 



where Sj denotes the optical phase differ- 
ence generated by the j-th step difference from the 
opticaJ center of the flat plate lens, n denotes the 
ratio of the circumference of a circle to its diameter, 
n denotes the refractive index of the flat plate lens, 
n<, denotes the refractive Index of air, and dj 
denotes the step difference of the j-th diffraction 
grating. 

15. The opticaf recording and pickup head according to 
any of claims 3 to 14, wherein said first area (351) 
te an area of the numerical aperture of 0.3 or less, 
and said 6econd area (352) is an area of the numer- 
ical aperture of from 0.3 to 0.5. 

16. The opticaf recording and pickup head according to 
any of claims 3 to 15, wherein said second area 
(352) has a staircase type diffraction grating struc- 
ture which is repeated two times, and one of the 
staircase type diffraction grating structure is formed 
over the area from about 1000 jim to about 1500 
urn in radial direction from the optical center of the 
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flat plate lens and the other is formed over the area 
from about 1500 pm lo about 1 700 urn. 

1 7. The optical recording and pickup head according to 
any of claims 3 to 16, wherein said second area dif- s 
fracts about 70% or more of the photo quantity of 
the second light incident from the optical path alter- 
ing unit toward the optical axis of the objective lens. 

1 8. The optical recording and pickup head according to io 
any of claims 1 to 17, wherein said flat plate lens 
(35) is integrated with the objective lens (36). 

19. The optical recording and pickup head according to 
any of claims 1 to 18. wherein the plurality of optical is 
discs includes at least first and second optical discs 
that are a digital versatile disc (DVD) and a read- 
writable compact disc (CD-RW), respectively, and 
the first light is used for performing recording and 
reproduction of information with respect to the first so 
optical disc (8) and the second light is used for per- 
forming recording and reproduction of information 
with respect to the second optical disc (90), 

20. The optical recording and pickup head according to 25 
any of claims 2 to 19, wherein said optical path 
altering unit comprises a colli mating lens (34) for 
colli mating the first and second light incident from 
the first and second optical sources, to then be 
transferred to the flat ptate lens. 30 

21 . The optical recording and pickup head according to 
claim 20, wherein said optica) path altering unit fur- 
ther comprises: 

35 

a reflective flat plate (32) for transferring the 
first tight emitted from the first optical source to 
the collimating lens (34) and transferring the 
first and second light reflected from the infor- 
mation recording surfaces of the optical discs *o 
and then returning from the colli mating lens, to 
the photo detector (39); and 

a beam splitter (33) for transferring the second 
light emitted from the second optical source to 45 
the collimating lens and transferring the first 
and second light reflected from the information 
recording surfaces of the optical discs and then 
returning from the collimating lens, to the 
reflective flat plate. so 

22. A lens for receiving light of a respectively different 
wavelength, the lens comprising a first area (351), a 
second area (352) and a third area (353) having a 
respectively different optical characteristic on a light ss 
receiving plane, wherein said first area (351) com- 
prises the optical center of the light receiving plane, 
said second area (352) is located at the outside of 



said first area, and said third area (353) is located at 
the outside of said second area, and wherein said 
first and third areas substantially totally transmits 
first and second light having a respectively different 
wavelength, and said second area totally transmits 
the first light and diffracts most of the second light 
toward the optical axis of an objective lens. 

23. The lens according to claim 22. wherein said sec- 
ond area (352) is formed in annular form. 

24. The lens according to claim 22 or 23. wherein said 
second area (352) comprises diffraction grooves. 

25. The lens according to daim 24, wherein said dif- 
fraction grooves are formed on the plane receiving 
the first and second light 

26. The tens according to claim 24 or 25, wherein said 
diffraction grooves are etched shallow as they 
become farther from the optical center of said lens. 

27. The lens according to any of claims 24 to 26, 
wherein said diffraction grooves have a staircase or 
saw-tooth pattern structure which is periodically 
repealed. 

28. The lens according to claim 27. wherein said dif- 
fraction grooves have the saw-tooth structure 
repeating twice, 

29. The lens according to daim 27. wherein said dif- 
fraction grooves are configured in the number satis- 
fying the following equation in a staircase pattern 
structure. 

N ** X } /(\ 2 -kJ 

where N denotes the integer number of dif- 
fraction grooves, denotes the wavelength of the 
first light, and \ z denotes the wavelength of the sec- 
ond light. 

30. The lens according to any of claims 24 to 29. 
wherein said diffraction grooves have transmission 
effidency coefficients satisfying the following equa- 
tion with respect to the incident second light. 



where T m denotes the transmission effi- 
dency coefficient of m-th diffraction order. T 
denotes the width of the staircase type diffraction 
groove structure corresponding to one cycle, m 
denotes the diffradion order number, it denotes the 
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ratio of the circumference of a circle to its diameter, 
i denotes the imaginary unit, % denotes the distance 
from the optical center of the lens, and Tj(x) 
denotes the transmission efficiency coefficient at x. 

31. The lens according to claim 29 or 30, wherein in 
said staircase type diffraction structure of one 
cycle, each diffraction groove which is located on 
the j-th position from the optical center of the lens 
has a transmission efficiency coefficient Tj(x) satis- 
fying the following equation, 



Tj(x) 



(2j)ni{n-n Q )d 
,ex ?< Ni > 



where X denotes the wavelength of the inci- 
dent light, d denotes the depth of the diffraction 
groove which is etched in the deepest in one cycle 
of the staircase type diffraction groove structure, n 
denotes the refractive index of the flat plate lens, n 0 
denotes the refractive index of air, and N is the 
number of stairs. 



the optical axis. 

36. An optical recording and pickup head for use with 
each of a plurality of optical discs for performing 
recording and reproduction of information with a 
respectively different wavelength, the optical 
recording and pickup head comprising; 

said lens (35) according to any of claims 22 to 
35; 

a first and second light sources (31 ,41); 

a photo detector (39); and 

an optical path altering unit (33). 



32. The lens according to claim 30 or 31 , wherein said 25 
diffraction grooves generate phase differences sat- 
isfying the following equation, 



2ni{n-n 0 )d i 



where 5j denotes the optical phase differ- 
ence generated by the j-th step difference from the 
optical center of the flat plate lens, n denotes the 35 
ratio of the circumference of a circle to its diameter, 
n denotes the refractive index of the flat plate lens, 
ng denotes the reflective index of air, and dj denotes 
the step difference of the j-th diffraction grating. 

40 

33. The lens according to any of claims 22 to 32, 
wherein said first area Is an area of the numerical 
aperture of 0.3 or less, and said second area is an 
area of the numerical aperture of from 0.3 to 0.5. 

45 

34. The lens according to any of daims 22 to 33, 
wherein said second area has a staircase type 
structure which is repeated two times, and one of 
the staircase type structure is formed over the area 
from about 1000 \xm to about 1500 u/n In radial so 
direction from the optical center of the flat plate lens 
and the other Is formed over the area from about 
1500 urn to about 1700 urn. 

35. The lens according to any of claims 22 to 34. 55 
wherein said second area diffracts about 70% or 
more of the photo quantity of the incident second 
light in the convergence direction with reference to 
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(54) Optical recording and pickup head for digital versatile disc 



(57) An optical recording and pickup head having a 
flat plate lens of a staircase type diffraction grating struc- 
ture is compatible with a DVD and a CD-RW. The optical 
recording and pickup head includes a first optical source 
(31) for emitting first light having a relatively shortwave- 
length, a second optical source (41) for emitting second 
light having a relatively long wavelength, a photo detec- 
tor (39), an objective lens (36) for focusing the light emit- 
ted from the first and second optical sources on the In- 
formation recording surfaces of the optical discs (8.90), 
respectively an optical path altering unit (33) for trans- 
ferring the light emitted from the first and second optical 
sources to the objective lens and transferring the first 
and second light reflected from the information record- 
ing surfaces of the plurality of discs to the photo detector, 
respectively, and a fiat plate lens (35) for substantially 
totally transmitting the first light proceeding from the op- 
tical path altering unit to the objective lens and diffracting 
the second light proceeding from the optical path alter- 
ing unit to the optical axis of the objective lens. 
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